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Description

Field of the Invention

[0001] The present invention concerns a liquid level
monitoring circuit and, more particularly, a test feature
of the monitoring circuit that allows operation of the cir-
cuit to be confirmed.

Background Art

[0002] Robertshaw Controls Co., assignee of the
present invention, sells a liquid level sensor for detect-
ing the presence or absence of a liquid and providing an
output that activates an alarm. This prior art sensor is
sold under the designation Mini-Tek 800. The Mini-Tek
800 sensor has a probe that determines a liquid level at
a probe site by monitoring capacitance changes caused
by changes in liquid level.
[0003] U.S. Patent No. 4,224,606 discloses a fluid
level control circuit having a test function. Pressing a
test switch reduces voltage at an FET gate and takes
the FET from a pinched-off condition allowing a drain
capacitor to discharge through the FET. This drops a
relay out of the circuit and closes an alarm contact to
actuate an alarm.
[0004] U.S. Patent No. 4,676,100 discloses a test cir-
cuit for simulating a "high" material level in an LC reso-
nant frequency fluid level indicator. Closing a switch
activates a second switch and adds three capacitor, in
parallel with the prohe. The increased capacitance
causes a threshold detector to indicate a "high" material
level.
[0005] U.S. Patent No. 5,121,632 discloses a sensor
including a self-diagnostic routine which connects the
probe to a comparator that compares the voltage on the
probe to a supply voltage. Under normal conditions, the
variable capacitance of the probe will charge up to a
supply voltage. If the probe is shorted, then the variable
capacitor will not charge up and cause the output of the
comparator to be high to flag an error condition on a
microprocessor controller.
[0006] The present invention concerns a test circuit for
use in conjunction with a sensor such as the prior art
Mini-Tek 800. A test input allows an operator to artifi-
cially simulate a condition which normally would cause
the circuit to activate an alarm. By activating the test
input, the circuit's operation can be confirmed.

Disclosure of the Invention

[0007] The present invention includes a level detector
according to claim 1 that includes a first charging circuit
having a probe that can be placed at a liquid detection
site and that charges at a rate dependent upon the liq-
uid level at the detection site. A second reference charg-
ing circuit conducts charge at a rate independent of the
liquid level at the detection site. A control circuit com-

pares the rate of charging of the first and second charg-
ing circuits and produces a detector output signal based
upon the comparison. Under normal circumstances,
this output activates an alarm calling attention to the fact
that the liquid has reached a certain level at the detec-
tion site or alternately that no liquid is sensed at the
detection site.

[0008] A test circuit inhibits one of the first and second
charging circuits. This artificially produces an alarm out-
put since the comparison conducted by the control cir-
cuit always results in a sensing of an alarm condition. In
an instance in which the probe warns when liquid is
sensed, the test circuit artificially causes the control cir-
cuit to sense liquid.
[0009] The preferred charging circuits include a switch
coupled to the control circuit which normally conducts
when activated by the control circuit. The test input
inhibits the switch so that the control circuit senses a
condition which normally would cause an alarm. When
a user manually activates the test input to the detector,
an alarm should result and if it does not, the detector is
not working properly.
[0010] The preferred detector includes field effect
transistors in both the first and second charging circuits.
The field effect transistors are normally biased in satu-
ration, allowing normal charging of both the first and
second circuits. A gate electrode to one of the field
effect transistors is selectively grounded by the test
input. When this occurs, the field effect transistor no
longer charges at its normal rate. Since the second cir-
cuit continues to charge at its normal rate, the control
circuit detects an alarm condition and produces an
alarm output.
[0011] In accordance with the preferred design, the
control circuit causes the first and second charging cir-
cuits to conduct at regular intervals. Within a short time
of actuation of the test input, the detector should pro-
duce an output to activate an alarm and confirm normal
detector operation.
[0012] The invention also relates to a method for con-
firming operation of a liquid level sensor according to
claim 4.
[0013] From the above, it is apparent that one object
of the invention is a detector and method for monitoring
liquid levels having a test feature to enable a user to
confirm operation of the detector. This and other
objects, advantages and features of the invention will
become better understood from a detailed description
of a preferred embodiment of the invention which is
described in conjunction with the accompanying draw-
ings.

Brief Description of the Drawings

[0014]

Figures 1 and 2 are elevation views of two level
sensors having test inputs for confirming operation
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of the sensors;

Figure 3 is a schematic showing a circuit con-
structed in accordance with the invention coupled
to a probe at a liquid level test site;
Figure 4 is a schematic showing a control circuit for
charging first and second charging circuits with
constant current and monitoring a voltage signal
produced by this charging;
Figure 5 is a portion of a probe-charging circuit
showing an FET having a gate coupled to a voltage
source through a resistor; and
Figure 6 is a portion of the probe-charging circuit
depicted in Figure 5 with the gate input grounded to
initiate a test of the level sensor.

Best Mode for Practicing the Invention

[0015] The drawings illustrate a level detector 10 that
includes first and second charging circuits 12, 14 (Fig-
ure 3) coupled to a control circuit 16 for monitoring the
presence or absence of fluid at a detection site. The first
charging circuit 12 includes an elongated probe 20 that
extends away from a base 22 (Figure 1) that encloses
the charging circuits 12, 14 and control circuit 16. Elec-
trical signals are routed into and out of the base 22 by a
four pin connector 23 at the top of the base. Pin con-
tacts are not visible but are contained within a cavity in
the connector 23.
[0016] Operation of the first charging circuit 12 is mod-
ified by a test circuit 24 coupled to one of the two charg-
ing circuits 12, 14. The test circuit 24 includes a user-
actuable switch 30 for allowing the user to test perform-
ance of the detector 10 and specifically, actuate a visual
alarm 32 coupled to the control circuit. The control cir-
cuit 16 includes circuitry for periodically activating the
two charging circuit 12, 14. Charge from the control cir-
cuit 16 builds up on capacitors 40, 42 causing voltages
on the capacitors to increase at a rate dependent upon
the capacitance of the capacitors 40, 42. A charging
current is most preferably developed within the control
circuit 16 which, in accordance with the preferred
embodiment of the present invention, is constructed
using an ASIC (application specific integrated circuit).
By determining which one of the first and second charg-
ing circuits 12, 14 charges more quickly, the control cir-
cuit 16 can determine an absence of or presence of
liquid in contact with the probe 20.
[0017] Referring to the Figure 3 schematic, it is seen
that two inputs 50, 52 to the control circuit 16 are cou-
pled to a power supply voltage of five volts. The five-volt
signal is maintained by a regulator circuit 54 coupled to
a power input 56 which typically falls in a range of from
9-32 volts d.c. One use of the invention is for monitoring
fluid levels in a motor vehicle and the input 56 in this
application is battery voltage.
[0018] The five-volt signal at the inputs 50, 52 is cou-
pled to two constant current sources 60, 62 (Figure 4)
having control gates coupled to a control output 64 from

a starter circuit 66. One constant current source 60 is
coupled to an output 70 to the first charging circuit 12
and a second constant current source 62 coupled to an
output 72 to the second charging circuit 14. Upon actu-
ation by the starter circuit 66, the current sources 60, 62
charge the two capacitors 40, 42 with a constant cur-
rent. The voltage build-up on these two capacitors, how-
ever, depends upon their capacitance so that the
voltage at two inputs 74, 76 to an operational amplifier
80 in the control circuit 16 increases at different rates.

[0019] The lower the capacitance, the faster the
charging occurs so that the capacitor with the lower
capacitance increases in voltage at the higher rate.
[0020] As seen in Figure 3, current from the control
circuit 16 charges the capacitors 40, 42 through two
field effect transistors 82, 84. During normal level sens-
ing, these field effect transistors 82, 84 have their gates
82g, 84g pulled up to the five-volt power supply signal
coupled to the control circuit inputs 50, 52. This biases
the FETs into saturation, allowing charging current from
the control circuit 16 to flow through the FETs 82, 84
with a minimal voltage drop to an associated one of the
two capacitors 40, 42.
[0021] The current sources 60, 62 charge the charg-
ing circuits 70, 72 until the charge on one of the capaci-
tors 40, 42 reaches a two-volt threshold, after which a
discharge circuit 90 discharges them to ground. A cycle
of capacitor charging and discharging is maintained at a
typical rate of 200 KHz so long as a voltage input 56 is
applied to the level detector. The charge/discharge
cycle rate is a function of the smaller capacitance of the
two charging circuits 70, 72.

Theory of Operation

[0022] The detector 10 depicted in Figure 1 is con-
structed for monitoring the presence or absence of a
conductive liquid. Detection of liquid level is accom-
plished by relating the level of liquid on the probe 20 to
a change in capacitance of the probe. This can be theo-
retically evaluated by analogyzing to a parallel plate
capacitor in which one plate of the capacitor increases
in size while the second plate and the dielectric layer
between plates remains a constant. As the length of the
probe 20 is emersed within the liquid changes, the plate
size of the theoretical capacitor increases and
decreases. When the probe 20 is fully emersed in liquid,
the capacitance reaches a maximum and accordingly,
the capacitor 40 charges less quickly. Thus, in a situa-
tion in which the control circuit 16 monitors the absence
of a liquid, as the amount of liquid overlap on the probe
20 decreases, the capacitance of the probe decreases
so the time it takes the capacitor 40 to charge
increases. The capacitor 42 is a fixed value and does
not change with liquid level. It is used as a reference to
compare the rate of charging of the capacitor 40.
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Level Sensing

[0023] The control circuit 16 senses voltages at the
two connections 70, 72 by means of the operational
amplifier 80. The operational amplifier 80 is configured
as a differential amplifier so that an output 92 will be
high if the signal at the input 76 is greater than the input
74 and low otherwise. The output 90 from the amplifier
80 is clocked into a latch 100 by the discharge circuit 90
at the end of every charge cycle. Outputs from the com-
parator 80 are transferred through the latch circuit 100
to two complementary outputs 102a, 102b external to
the control circuit 16. A low signal from one of the out-
puts to a diode 104 will forward bias the diode 104 pull-
ing a non-inverting input to a comparator 106 (Figure 3)
low. This produces a low output from the comparator
106. The comparator output is coupled to a gate input of
an N channel MOSFET 110. A low gate signal turns off
the MOSFET 110 and de-activates the alarm 32. A high
signal from one of the outputs 102a, 102b will reverse
bias the diode 104, allowing the non-inverting input of
the comparator 106 to pull high. This produces a high
output from the comparator 106, turning the MOSFET
110 on, activating the alarm 32.
[0024] With the probe fully emersed in liquid, the
capacitor 40 has a greater capacitance than the capac-
itor 42 and the voltage on the capacitor 42 increases
faster than the voltage on the capacitor 40. Referring
again to the schematic of the control circuit 16, this
causes the voltage at the input 76 to be greater than the
input 74 when the discharge circuit 90 clocks the output
from the amplifier 80 into the latch 100. When this
occurs, an output from the comparator 80 coupled to the
latch 100 produces a high output signal which is main-
tained until a next subsequent clock input resets the
latch 100.
[0025] The same control circuit 16 can be used for
monitoring the presence or absence of a non-conduc-
tive liquid. In this embodiment, the probe 20' (Figure 2)
is surrounded by a conductive spiral coil 21 which forms
a second plate of a capacitor 40. As liquid level
increases, the liquid fills the gap between the spiral coil
21 and the probe 20'. This increases the capacitance
which in turn slows the charging rate of the capacitor 40.
The rest of the circuit performs the same function as
described above in relation to the conductive liquid level
sensing embodiment of Figure 1.
[0026] Two resistors 120, 122 are shown coupled
between the outputs 102a, 102b and the diode 104. For
a given level detector, only one of these resistors is
installed. If the detector 10 is configured to activate the
alarm 32 when a high liquid level is used to activate the
alarm (the probe is covered), a first resistor 120 is
installed. The resistor 122 is installed when the detector
is used to activate an alarm when an absence of liquid
is sensed.

Test Circuit 24

[0027] To test operation of the level detector 10, the
user actuates a switch 30 to ground an input to the cir-
cuit shown in Figure 3. Closing the switch causes a
diode 130 to conduct and pulls a non-inverting input 132
to a comparator 134 low. The inverting input 135 to the
comparator 134 is held at a reference voltage of 2.5
volts by a voltage divider formed by two resistors 137a,
137b that also biases the inverting input to the compa-
rator 106. When the input 132 drops below the inverting
input 135, an output 136 from the comparator amplifier
134 also goes low and modifies operation of one of the
first and second charging circuit 12, 14.
[0028] The Figure 3 circuit includes two possible
jumper conductors J1, J2, only one of which is installed.
With the jumper J1 installed, the level detector 10 acti-
vates the alarm if no liquid is sensed and with the
jumper J2 installed, the level detector 10 activates the
alarm if liquid is sensed.
[0029] With the jumper J1 installed, a grounding of the
test input 30 modifies the conductive state of the field
effect transistor 82. To illustrate the consequences of
this modification refer to Figures 5 and 6 of the drawings
where the field effect transistors 82, 84 are depicted in
two different configurations. In Figure 5, the field effect
transistor 84 has a gate input 84g coupled to the five-
volt signal supplied by the voltage regulator 54. This
biases the field effect transistor 84 into saturation, allow-
ing the charging current to flow through the channel with
a minimum IR voltage drop to charge the capacitor. The
voltage as seen by the controller is essentially the volt-
age that would appear at the capacitor itself, i.e., 27 pF.
During discharge, the capacitor is discharged through
the normally reverse biased diode 85 to about .7 volts.
[0030] In Figure 6, the gate input to the field effect
transistor 82 has been grounded by a low output from
the amplifier 134. This biases the field effect transistor
82 into sub-threshold and produces a characteristic
capacitance equal to the parallel combination of the
gate/drain capacitance and the series combination of
the drain/source capacitance and source/gate capaci-
tance. Typical values of these capacitances for a
grounded gate input result in a value of approximately
10 pico-farads so that now the capacitance as seen by
the constant current source inside the controller 16 is
significantly less than the nominal capacitance on the
capacitor 42.
[0031] A MOSFET in an "off' or sub-threshold condi-
tion is characterized by an output capacitance (Coss),
an input capacitance (Ciss), and reverse transfer capac-
itance (Crss). Coss is defined as the capacitance
between the drain and the source, plus the capacitance
between the gate and the drain (  ).
Ciss is defined as the capacitance between the gate
and the source, plus the capacitance between the gate
and the drain (  ). Crss is defined as the
capacitance between the gate and the drain (

Coss=Cds+Cgd

Ciss=Cgs+Cgd
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[0032] Figure 6 depicts the active test function, and its
effect on the total capacitance. The capacitor (Refer-
ence, or Unknown) will be effected by a series capaci-
tance, Coss-Crss. This value, for purpose of example,
may be 5pF. In parallel with this capacitive stack is
another capacitance, Crss. This value, for purpose of
example, may be 5pF. The total capacitance in this
example would be approximately 9.29pF, much lower
than the compared capacitor, 27pF. This change in
capacitance will "fool" the ASIC into changing output
states and activating the alarm 32.
[0033] As one specific example of operation of the
invention, consider a circumstance in which the alarm
32 is activated if the level detector 10 does not sense
liquid in contact with the probe 20 of Figure 1. In this
example, a 1000-ohm resistor 122 (but no resistor 120)
is installed in the Figure 3 circuit between the output
102b and the diode 104. To test the circuit, grounding of
the test input must cause the control circuit to sense a
low liquid level corresponding to a low capacitance. This
requires the jumper J1 (Figure 3) to be installed. The
normal (non-test) state with the probe immersed in liq-
uid means the capacitance 40 is greater than the capac-
itance 42. When the discharge circuit 90 clocks the
resulting high signal at the output 92, the output 102b
stays low and the alarm is not activated. To test the cir-
cuit, the switch 30 is closed to ground the input 132.
This causes the input at the gate 82g to be grounded,
fooling the control circuit 16 so that when the discharge
90 clocks the low input to the latch 100, the output 102b
goes high to activate the alarm 32.
[0034] The non-inverting input (+) to the comparator
106 is normally held at a five-volt signal by a pull-up
resistor 150 unless the control circuit 16 pulls that input
to ground. By using a large resistor of 1.47 Megohm for
the pull-up resistor 150, a time delay of 10 seconds
results before the alarm responds to the level detector
10. The delay can be used to avoid false triggering of
the alarm due to "sloshing" of a liquid in a container.
Such a condition may be transitory and use of a delay
requires the level detector 10 to repeated sense the
condition before activating the alarm.
[0035] The two probes 20, 20' are elongated brass
rods that extend beneath threaded portions 152 of the
level detector 10. The probe 20 is coated with a layer of
dielectric material which forms the dielectric of the
capacitor 40. Preferably this coating is a layer of Teflon
based dielectric sold under the name Tefzel-200 sold by
Dupont or a liquid crystal based material named Vectra
A 430 sold by Hoechst-Celanese. The probe 20' is elec-
troplated but not covered with a dielectric since the fluid
in which the probe 20' is emersed acts as the dielectric.
A plastic end cap 154 slips over the end of the probe 20'
and fits inside the coil 21 to center the probe 20' within
the coil 21.
[0036] In an alternate embodiment of the invention,
one side of the alarm 32 is grounded and the FET 110

is connected to a positive side of the alarm. In this
embodiment, a drain electrode of the FET 110 is con-
nected to the positive input to the circuit by parallel
diodes 160 which, in the disclosed embodiment, con-
nect the FET source to the negative battery terminal.
Also, in such an alternate embodiment a zener diode
162 is connected between the positive battery terminal
and the FET's gate electrode.

[0037] The present invention has been described with
a degree of particularity, but it is the intent that the
invention include all modifications and alterations from
the disclosed design falling within the scope of the
appended claims.

Claims

1. A level detector comprising:

a) a first charging circuit (12) having a probe
that can be placed at a liquid detection site for
conducting charge at a rate based on the level
of liquid at the liquid detection site;
b) a second charging circuit (14) for conducting
charge at a rate independent of the liquid level
at the detection site;
c) control means (16) for comparing the rate of
charging of the first and second charging cir-
cuits and producing a detector output signal
based upon the comparison; and
d) test means for inhibiting one of said first and
second charging circuits and thereby control-
ling the output signal from the control means to
test the functioning of the detector.

2. The detector of Claim 1 wherein the first and sec-
ond charging circuits comprise switch means for
conducting charge supplied by the control means
and wherein the test means adjusts a conductive
state of the switch means of one of said probe and
reference charging circuits.

3. The detector of Claim 2 wherein the control means
comprises a regulated current source coupled to
the switch means of said probe and reference
charging circuits.

4. A method for confirming operation of a sensor for
monitoring presence of a liquid at a test site com-
prising the steps of:

a) providing a first charging circuit which
charges at a rate depending on a sensed liquid
level at the test site;
b) providing a second charging circuit that
charges at a reference rate independent of the
sensed liquid level at the test site;
c) inhibiting one of said charging circuits ; and
d) comparing the charge of the first and second

Crss=Cgd
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charging circuits and producing an output sig-
nal based upon the comparison to confirm
operation of the sensor.

5. The method of Claim 4 where each of the first and
second charging circuits includes a field effect tran-
sistor that charges at a rate dependent on a capac-
itance coupled to the field effect transistor and
wherein the inhibiting step comprises the step of
disabling one of said field effect transistors.

6. The method of Claim 5 wherein the step of disa-
bling a field effect transistor is performed by
grounding a gate input to the field effect transistor.

Patentansprüche

1. Pegeldetektor, umfassend:

a) eine erste Ladeschaltung (12) mit einer
Sonde, die an einer Flüssigkeitserfassungs-
stelle angeordnet werden kann, um Ladung bei
einer Rate auf Grundlage des Flüssigkeitspe-
gels an der Flüssigkeitserfassungsstelle zu lei-
ten;

b) eine zweite Ladeschaltung (14) zum Leiten
von Ladung bei einer Rate, die unabhängig von
dem Flüssigkeitspegel an der Erfassungsstelle
ist;

c) eine Steuereinrichtung (16) zum Vergleichen
der Laderate der ersten und zweiten Lade-
schaltungen und zum Erzeugen eines Detek-
torausgangssignals auf Grundlage des
Vergleichs; und

d) eine Testeinrichtung, um eine der ersten und
zweiten Ladeschaltungen zu sperren und
dadurch das Ausgangssignal von der Steuer-
einrichtung zu steuern, um das Funktionieren
des Detektors zu testen.

2. Detektor nach Anspruch 1, dadurch
gekennzeichnet, daß die ersten und zweiten Lade-
schaltungen eine Schalteinrichtung umfassen, um
Ladung, die von der Steuereinrichtung zugeführt
wird, zu leiten und wobei die Testeinrichtung einen
Leitungszustand der Steuereinrichtung von einer
der Sonden- und Referenzladeschaltungen ein-
stellt.

3. Detektor nach Anspruch 2, dadurch
gekennzeichnet, daß die Steuereinrichtung eine
geregelte Stromquelle umfaßt, die mit der Schalt-
einrichtung der Sonde und Referenzladeschaltun-
gen gekoppelt ist.

4. Verfahren zum Bestätigen eines Betriebs eines
Sensors zum Überwachen einer Anwesenheit einer
Flüssigkeit an einer Teststelle, umfassend die fol-
genden Schritte:

a) Bereitstellen einer ersten Ladeschaltung, die
sich bei einer Rate in Abhängigkeit von einem
erfaßten Flüssigkeitspegel an der Teststelle
lädt;

b) Bereitstellen einer zweiten Ladeschaltung,
die sich bei einer Referenzrate unabhängig von
dem erfaßten Flüssigkeitspegel an der Test-
stelle lädt;

c) Sperren einer der Ladeschaltungen; und

d) Vergleichen der Ladung der ersten und
zweiten Ladeschaltung und Erzeugen eines
Ausgangssignals auf Grundlage des Ver-
gleichs, um einen Betrieb des Sensors zu
bestätigen.

5. Verfahren nach Anspruch 4, dadurch
gekennzeichnet, daß jede der ersten und zweiten
Ladeschaltungen einen Feldeffekttransistor
umfaßt, der sich bei einer Rate abhängig von einer
Kapazität, die mit dem Feldeffekttransistor gekop-
pelt ist, lädt, und wobei der Sperrschritt den Schritt
zum Abschalten eines der Feldeffekttransistoren
umfaßt.

6. Verfahren nach Anspruch 5, dadurch
gekennzeichnet, daß der Schritt zum Abschalten
eines Feldeffekttransistors ausgeführt wird, indem
ein Gateeingang an dem Feldeffekttransistor mit
Masse verbunden wird.

Revendications

1. Détecteur de niveau comprenant :

a) un premier circuit de charge (12) comportant
une sonde qui peut être placée au niveau d'un
site de détection du liquide pour conduire la
charge à une vitesse basée sur le niveau du
liquide au niveau du site de détection du liquide
;
b) un second circuit de charge (14) pour con-
duire la charge à une vitesse indépendante du
niveau du liquide au niveau du site de détection
;
c) un moyen de commande (16) pour comparer
la vitesse de charge des premier et second cir-
cuits de charge et pour produire un signal de
sortie de détecteur sur la base de la comparai-
son ; et
d) un moyen de test pour inhiber un desdits
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premier et second circuits de charge et pour
commander de ce fait le signal de sortie prove-
nant du moyen de commande pour tester le
fonctionnement du détecteur.

2. Détecteur selon la revendication 1, dans lequel les
premier et second circuits de charge comprennent
un moyen d'interrupteur pour conduire la charge
délivrée par le moyen de commande et dans lequel
le moyen de test ajuste un état conducteur du
moyen d'interrupteur d'un des circuits de charge de
sonde et de référence.

3. Détecteur selon la revendication 2, dans lequel le
moyen de commande comprend une source de
courant régulé couplé au moyen d'interrupteur des-
dits circuits de charge de sonde et de référence.

4. Procédé pour confirmer le fonctionnement d'un
capteur destiné à surveiller la présence d'un liquide
au niveau d'un site de test comprenant les étapes
consistant à :

a) prévoir un premier circuit de charge qui
charge à une vitesse fonction du niveau du
liquide détecté au niveau du site de test ;
b) prévoir un second circuit de charge qui
charge à une vitesse de référence indépen-
dante du niveau du liquide détecté au niveau
du site de test ;
c) inhiber un desdits circuits de charge ; et
d) comparer la charge des premier et second
circuits de charge et produire un signal de sor-
tie sur la base de la comparaison pour confir-
mer le fonctionnement du capteur.

5. Procédé selon la revendication 4, dans lequel cha-
cun des premier et second circuits de charge inclut
un transistor à effet de champ qui charge à une
vitesse fonction d'une capacité couplée au transis-
tor à effet de champ et dans lequel l'étape d'inhibi-
tion comprend l'étape consistant à bloquer un
desdits transistors à effet de champ.

6. Procédé selon la revendication 5 dans lequel
l'étape consistant à bloquer un transistor à effet de
champ est effectuée en mettant à la masse une
entrée de grille du transistor à effet de champ.
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